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Abstract: Spatial intra prediction is introduced to achieve 
higher coding etticicncy h H.2MIAVC. Unforhmately, this 
conies at the cost in considerably increased coinplexity when 
RDO is enabled. In this paper, we propose a fast intra prediction 
algoritluu’ including reducing the reduidancy between the 
chmnia mode decision and htma mode decision, improving the 
mode decision scheme and licuristically selecting block type. 
Esperiinaital results show that the proposed algorithm can 
drastically reduce coding complexity with only negligible 
coding ecficiency loss. 
Key words: H.264IAVC. Intra Predction, Rate Distortion 
Opthiuzation (RDO): Mode Decision 

1. Introduction 
H.264 [l]  is the ITU-T’s newest video coding 

recommendation, w!uch is also known as MPEG-4 I 

Advanced Video Coding (AVC). H.26WAVC employs 
rate distortion optinlizatioi~ (RDO) techniques to achieve 
the best coding efficiency. During the impletnentation of 
RDO. H.264/AVC has to exhaustively compute rate and 
distonion of all the intra and inter prediction modes for 
encoding one macroblock(MB). wluch leads to drastic 
increase of coding coinplesity. Some fast prediction 
algorithm have cvcr been proposed to reduce the coding 
complesiiy [ 2 ] [ 3 ] .  In t l l i s  paper. we propose an efficient 
algorithm to reduce the coinplesity of intra prediction 
when RDO is used. 

In the luina intra prediction of H.264AVC. two block 
typcs should be esamined: 5x4 block and 16x16 block. 
called intra4s4 and intn16s16 respectively. Intra4x4 is 
based on predicting each 4x4 luina block separately and 
is well suited for coding parts of a picture with significant 
details. The intra16xl6 perfonns the prediction of the 
whole 16~16 luina block and is inore suited for coding 
veq  smooth areas of a picture [4]. In the chroma intra 
prediction there is only one block type: 8x8 block, named 
chromi8s8, 

When the intm4s4 is used, each 4x4 block is predicted 
from spatiallv neighboring (above and left) samples (see 
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Fig. 1). For each 4x4 block, there are 9 prediction modes: 
DC prediction mode and eight directional prediction 
inodes as shown in Fig.2. In the reference software J’M7.3 
[5 ] ,  ail the 9 modes are examined for a 4x4 block to find 
the optimal one with minimum cost, which is called 
intra4xJ prediction routine. 

When the intral6sl5 is adopted, four modes including 
vertical prediction, horizontal prediction, DC prediction 
and plane prediction are examined, which is called 
intra16x16 prediction routine. 

Since chroma components (U and V) are usually 
smooth over large area [4], the prediction modes of the 
c~~romna samples in an MB are the same as those of 
intral6xl6. 
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Fig.2. Eiglil predioiton modes 
for intra 4x4 prediction 

Fig.1. 4s4 bock and the 
neighboring samples 

In the past, researchers have proposed several 
algorithms to speedup the intra prediction module. An 
cfficient intm prediction algorithm (EP) [6] has been 
proposed for luma component based on the following 
main ideas: the examination can be early terminated if 
some conditions are satisfied. However, the conditions 
vary with video contents and it is difficult to find good 
adaptive condilions. A fast mode decision algorithm [7] 
for intra prediction was also developed, in which Pan 
pointed out that the pixels along the direction of local 
edge are normally of similar values for both luma and 
clmma components. In Pan’s algorithm, the edge 
information of the whole picture is firstly produced with 
the Sobel operator [ti] .  Then the edge direction 
histograins are calculated for 4s4 luma, 16x16 luma and 
8x8 chroina blocks, respectively. In intra prediction for 
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4x4 blocks, the Iustogram cell with the maxiinum 
amplitude and the two adjacent cells are selected together 
with DC prediction mode as candidates for the best 4x4 
prediction mode. In intra prediction for 16x16 biocks, the 
histogram cell with nmximum amplitude and DC 
prediction inode are considered as candidates of the best 
16sM prcdiction modc. In chroma prcdiction thc 
histogram cell with niaxiinum amplitude in U component, 
the one in V component and DC mode are selected as 
candidates for the best clvoma prediction mode. 
Although Pan's algorithm has reduced much complexity 
of intra prediction, it still needs inuch,computation. In 
tlus paper, we proposed a inore efficient algorithm by 
niodifving prediction routine. improving mode decision 
scheme and adopting a heuristic block type selection 
met hod. 

The paper is organized as follows. The proposed 
algoritlun is explained in section 2. followed by 
simulation results in Section 3. In Section 4 the 
conclusion is addressed. 

2. Proposed Algorithms 

2.1 Modified Prediction Routine 
As studied, the intra prediction procedure for YUV 

compoiients in the reference software of H.264/AVC can 
be depicted as follows: 

Generate an 8x8 predicted chroma block according 
to a mode. 
Perform the intral6x-16 prediction routine to select 
the best 16x16 inode, code the chroma components 
with the given mode. and then calculate the rate 
distortion of the. 'h53 for W V  components 

RDcost,6s,6 ., 

Perform the tma4xx4 prediction routi.ne for 16 4x4 
blocks to select the 16 best 4x4 modes, code the 
chroma components with the given mode, and then 
calculate the rate distortion of the MB for W V  

components KDCost,,, . 

If RDCOS~,, ,~, ,  > RDCost,,, , the block type 4x4 

is selected, othenvise. the 16x16 block type i s  
selected in the given clmma mode. And the 

minimum cost is saved as mcost . 

, .  

5. Repeat Step 1 to 4 for all four chroma intra prediction 
modes, and choose the one with ininimum 
mcost I 

From the above procedure, it is obvious that cluoma 
components should be coded twice for each prediction 
mode and IniraI6x16 prediction routine and intrah4 
prediction routine should be executed four times 
respectively when an ME3 is encoded with intra prediction. 
It can also be seen that the mte distortion of YUV 
components should be computed eight times. Thus, the- 
clmma mode decision procedure is highly correlated to 
that of luma. However, the two procedures are 
decorrelated with the foIlowing steps in the proposed 

1. 
algorithm. 

Perform chroma infra&$ prediction rouqnine 
a. 

b. 

Generate an 8x8 prediction block according to a 
mode for UV; 
Apply transform operation and quantization on 
prediction emr ,  and then apply dequantization 
and inverse transform to obtain decoded block 
for UV, respectively. 

Calculate the distortion CDSr8 between the 

original 8x8 block and the decoded block for U 
and V components; 

Calculate the bitnte CRate,,, for coding the U 

and V transform coefficients and prediction 
modes, then compute 

costgxl = CD,,, + n(o, )CRate,,, ;where 

A@,) is an exponentid function ofthe 

quatization factor, 
Repeat step a to d for all the 4 chroma prediction 
modes, and then choose the one with the 
minilnull1 cost. 

Perform intral6xlb prediction rotitine. and calcuIate 

c. 

d. 

e. 

2. 

mCOs*,,xls ' 

RDCost,,, 
3. Perform inira4x4 prediction routine, and calculate 

4. 'IT RDCOS~, , ,~~  > RDCost,,, ~ intra4x4 is 

In this modified routine, each clmma prediction mode 
is only examined once, and the intral6xl6 prediction 
routine and intm4x4 prediction routine are also performed 
once, respectively. The experimental results show that the 

selected, otherwise, intnl6xl6 is selected. 
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modified routine can drastically reduce the computational 
coniplesity of intra prediction. 

2.2 Improved Mode Decision Algorithm 
In Pan's algorithm, the Sobel operator is applied to all 

pixels of the whole picture. But in the experiment, we 
observed that the inode decision normally depends on the 
edge information between the'left, above blocks and 
current block. SO it's not necessary to coinpute the edge 
information of all pisels in the wlmle picture. Instead, we 
only calculate the edge infonnation of pixels in the 
boundaries of 4s4 blocks for luma and of 8x8 blocks for 
chroma. Then the edge direction histograms are 
computed for intm4s4, intm16s16 and chroma8x8 blocks 
similar to Pan's For 4x4 luina blocks, the hktogram cell 
with the inasiinum amplitude and two adjacent cells are 
selected together with DC prediction mode as the 
candidate modes. Because of tlie correlation between 
spatially adjacent blocks. the most probable mode 
generated from the final selected modes of above and left 
blocks is also considered as a candidate. For 16x16 luma 
blocks and 8x8 cluonla blocks. only the histogram cell 
with maximum amplitude and DC mode are selected as 
candidates. 

2.3 Block Type Selection Method 
In the experiment. it's observed that the lu~na coding 

block type of the current MB is highly correlated to that 
of its neighboring MBs. It is also seen that the correlation 

decreases when quantization parameter 0, increases. 

When the current MB is encoded, the coding block types 
and costs of the left and above MBs lave been known. 
Similar to intra4s4 luma coding scheme, a most probable 
block type for the current MB can be obtained. If the 
most probable block type is i n t r a4~4~  then intra4xu4 is first 
examined. In tlus case. if the cost of intra4s4 is very large 

.(> 1. wluch means that this MB is chaotic, it is'very 

likely that intra'l6sl6 will not be chosen If tlie most 
probable block type is intral6xl6, then intral6xl6 is first 
examined. In this case if the cost of intral6sl6 is sinal1 

enough ( < T' 1, which means t h ~ s  M B  is smooth, it is 

very likely that intra4w4 should not be examined. 
The proposed block type selection method for luma 

and T, are component and the threshold updating of 

given as follows: 

If the MI3 is at the top or left of the frame, intra4s4 
and intral6sl6 are both examined and the type with 
minimum cost is selected as the optimal one. then go 
to step 4, Otherwise go to step 2. 
Take the block type of the above or left MBs with 
minimum cost as the most probable block type and 
examinc it. If the most probable block typc is 

intra4x4 and the cost of current MB is larger than Ti, 
choose this block type as the best one, go to step 4. 
Otherwise, if the most probable 'block type is 

intral6xl6 and the cost is smaller than T, , choose 

this block type as the best one, go to step 4. 
Otherwise, go to step 3. 
Examine the other block type, and choose the one 
with minimum cost as the best one. 
If there are more MBs. consider the next M3 and go 
to step 1. 

In step 2, q ,  T' is updated as follows: 

If block types of the above and left MBs are both 

= min {RDCost,,, , RDCosf,, + 15 * A@, ) . 

If block types of the above and left MBs are both 
intral6xl6. then the most probable type is intral6xl6 and 

in~a4x4, then the most probable type is intra4x4 and 

T2 = max~RDCost,,,,~Cost,~}. 
If block types of the above and left MBs are different, 

rhen the most probable type is the one with minimum cost. 
If the most probable type is intra4s4, then 

7; = ~ c o ~ ~ , , r o 4 x 4  + 15 * &2,) . 

otherewise. T2 = ~CoSt i , t ra ,6x16 .  

3. Experimental results 
The proposed algorithm is tested on three CIF 

sequences, Container, News and Stefan, and compared 
with Pan's algorithm and the full search (FS). For each 
sequence, 298 frames are encoded with I-frame only and 

with various Q, . The experiments were implemented on 

M 7 . 3  provided by JVT and the platfonn is Intel PIII. 
730MHz and 256MB memory. The test conditions are: 
1.Hadamard transform is used; 2. RD optimization is 
enabled; 3. CABAC is enabled. 

The test results are shown in Table 1-3. In the method 
column A, 3 and C represent our proposed algorithm, 
Pan's algorithm and full search algorim respectively, in 
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the-method column. From the tables. we can see that our 
proposed algorithm can reduce computational complexity 
by about 4 times as FS with little decrease in P S M  and a 
slight increase in bit rate. The proposed algorithm, 
compared Uith Pan’s. can reduce coniputation time by 
about 2 times and also outperform the Pan’s in PSNR of 
U and V componcnts only with a linlc dccrcasc in PSNR 
of Y components. 

B 
C 

4. Conclusion 
In this paper. an efficient intra prediction algorithm is 

proposed for RDO in H.264/AVC. There are three major 
contributions to the reduction of the complexity of intra 
prediction: 1) reducing the correlation between chroma 
mode decision and luma mode decision: 2) improving 
mode decision based on Pan’s; 3) heuristically selecting 
block types for luma. Experimental results show that the 
proposed algoritllrn can achieve considerable 
computation reduction at the price of negligible coding 
efficiency loss compared with FS. The proposed 
algorithm is also ‘better than Pan’s in complexity 
reduction. 

. 

29.36 37.71 37.46 489 694.6 
29.36 37.60 37.62 971 652.0 
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